Multi-Site Dependent Interaction of Hh Transcription Factor Gli3 with Cul3-SPOP Ubiquitin Ligase  by Nkari, Wendy K.
234a Monday, February 4, 2013cytoplasm and nucleoplasm. The NPC is composed of numerous protein sub-
units referred to as nucleoporins, half of which are intrinsically disordered pro-
teins (IDPs) containing numerous phenylalanine-glycine repeats. These so-
called FG-nucleoporins (FG-Nups) naturally exist in an unfolded state without
tertiary structure or persistent secondary structure, yet they are believed to me-
diate the selective gating function of the NPC. IDPs such as FG-Nups are chal-
lenging to characterize by molecular dynamics (MD) simulations because
most available analysis tools were designed for protein simulations sampling
relatively small conformational spaces. Our previous molecular dynamics sim-
ulations focused on exploring average static structural properties of FG-Nups
such as extension, shape, and contact maps. These studies yielded significant
differences in the average shapes of different FG-Nups supporting the new
‘‘forest’’ model for FG-Nup organization in the NPC. We are now extending
this work to study the dynamical properties of FG-Nups, with the goal of de-
veloping statistical measures that can characterize different types and degrees
of disorder from MD trajectories. We are evaluating established metrics for
MD convergence and sampling efficiency (such as structural decorrelation
time) as well as novel methods (such as metric scaling) to characterize the
rate and extent of conformational sampling in IDPs. A significant challenge
to the use of MD to study IDP dynamics is the potentially dramatic undersam-
pling of the vast conformational space available to unstructured proteins.
Therefore we are studying how to apply these analysis tools on structural en-
sembles derived from multiple independent simulations and accelerated MD
methods. Additionally, to allow much longer MD trajectories, we are evaluat-
ing the accuracy of coarse grained force fields, such as the MARTINI model,
for simulating IDPs.
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The micro-exon genes (MEG) identified in the genome of Schistossoma man-
soni, a flatworm parasite responsible for the second most widespread tropical
disease, code for a class of small secreted proteins that are highly expressed in
the human host stage. Due to the high variability in primary structure of the
MEG proteins, the parasite is thought to recruit them to trick the host immune
system; however, their specific function is still not understood. We have ex-
amined the secondary structure of MEG14, a member of this family, as well
as the effects of a range of physical-chemical factors on its conformation, us-
ing synchrotron radiation circular dichroism (SRCD) spectroscopy and
Oriented-SRCD. The SRCD spectrum of MEG14 in aqueous solution exhibits
a strong minimum at 198 nm and a small positive band at 182 nm, corre-
sponding a high content of disordered structure (>80%). However,
disorder-to-order transitions that lead to the induction of an alpha-helix struc-
ture in MEG14 were noted by the addition of trifluoroethanol (R 50%) with
negative peak at 208 and 222 nm and a stronger positive peak at 192 with
a shoulder at 175 nm. This ordering effect was also produced by increasing
temperature (in a reversible process), the presence of negatively charged lipids
(like POPG and SDS), and absorption on a silica surface, followed by dehy-
dration. Taken together with consideration of its primary structure (high con-
tent of charged and proline residues, low content of aromatic and/or
hydrophobic residues), these results support the classification of MEG14 as
good model of an intrinsically disordered protein, and suggest the possibility
of its interaction with different partners in the host to produce multifunctional
roles.
(Support by grants from FAPESP, CNPq, MCTI, and the U.K. BBRSC, and
beamtime from the ANKA, ISA and Soleil Synchrotrons)
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Accurate calculation of of protein-protein binding affinities remains a key chal-
lenge in computational biophysics and biochemistry. This challenge is even
more acute when one binding partner is intrinsically disordered in its unbound
state. In this study, a potential mean force (PMF) method was used to calculate
the absolute binding affinity for MDM2 and the intrinsically disordered protein
(IDP) fragment of p53. Angular and conformational restraints were applied to
the protein during the PMF calculation, and the resulting binding affinity wascorrected to account for these restraints. The calculated binding affinity closely
matches experimental values and suggests that this approach could be used to
determine protein-protein affinities for other IDP systems.
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Site specific vibrational probes were introduced via chemical modification of
single-site cysteine mutants of the NTAIL protein of the Nipah virus. The Ni-
pah virus NTAIL protein is intrinsically disordered but structure is induced
upon binding to XD in formation of the replicative complex. Infrared spectros-
copy of the introduced probe groups has been used to chart the conformational
distribution of the NTAIL protein upon binding to its viral binding partner.
New single cysteine mutation sites were selected to offer a thorough map of lo-
cal structure in the XD-bound form, and results from these new labeling sites
will be presented.
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Contrary to traditional protein binding mechanisms, many ubiquitin ligase
substrates have multiple weak degrons instead of one strong one. These pro-
teins are largely disordered, allowing for access to each degron. The biolog-
ical function of these multiple degrons is unclear. Gli3, an intrinsically
disordered, zinc-finger-containing transcription factor, is an effector of Hedge-
hog (Hh) signaling. Gli3 degradation is mediated by the E3 cullin-RING ubiq-
uitin ligase SPOP (speckle-type POZ protein). Ser/Thr rich SPOP-binding
consensus (SBC) motifs were identified as interaction sites for SPOP. Based
upon sequence analysis, Gli3 contains 13 of these motifs. Each SPOP mono-
mer binds a single SBC motif, implying the abundance of motifs serves a func-
tion other than stoichiometric binding. This suggests several models for
SPOP/Gli3 binding: (1) a dynamic complex, wherein single SPOP oligomers
interact with single Gli3s in fast equilibrium; (2) a static multi-valent complex
wherein each Gli3 has multiple SPOP binding partners; or (3) a high-order
oligomeric complex wherein multiple Gli3 molecules interact with multiple
SPOP oligomers, assembling into large complexes that can lead to phase tran-
sitions. In this study, biophysical techniques were used to probe the function
of motifs in the regulation of SPOP binding. Preliminary results suggest that
individual degrons have similar weak binding affinities, with no site preferen-
tially bound. These binding sites may also play a function in the regulation of
Gli3 degradation in vivo. Gli3 function as an activator or a repressor is deter-
mined by cellular Hh availability. In its active form, Gli3 enters the nucleus
and, as a labile transcription activator, is rapidly degraded. The function SBC
motifs play in this degradation process will be analyzed in vivo using various
truncations and deletions of Gli3. Further studies will elucidate the role of
multiple dispersed degrons for the temporal and spatial control of Hh
signaling.
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Gli3, a largely intrinsically disordered protein, is a transcriptional factor in the
Hedgehog (Hh) signaling pathway. It is regulated by a Cullin-3-RING ligase
that targets Gli3 for ubiquitination and degradation through its substrate recog-
nition subunit SPOP. SPOP contains a BTB dimerization domain and a MATH
domain that recognizes its substrates through Ser/Thr rich motifs, termed SPOP
binding consensus (SBC) motifs. Gli3 contains 13 predicted SBC motifs. The
biophysical mechanism of the interaction between dimeric SPOP and multiva-
lent Gli3 is not well understood. To deconvolute this complex interaction we
use the MATH domain of SPOP, a full-length monomeric SPOP mutant, and
the SPOP dimer to characterize their interactions with a Gli3 construct span-
ning the N-terminal 90 residues (Gli3-90) containing three SBC motifs. To in-
vestigate stoichiometry, sites of interaction, microscopic and macroscopic
affinities, we have exploited various biophysical techniques including NMR
spectroscopy, fluorescence anisotropy (FA), and analytical ultracentrifugation
(AUC). NMR titration experiments reveal that the predicted SBC motifs in
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domain can interact with three binding motifs on Gli3-90 with macroscopic
weak affinities while FA allows the determination of microscopic affinities.
In vitro ubiquitination assays and protein stability studies in mammalian cells
with a series of Gli3 SBCmotif mutants are used for functional interpretation of
our biophysical data. Each SBC motif contributes to SPOP binding in agree-
ment with their similar weak affinities. These results will allow the distinction
between a dynamic complex, a static multivalent binding mechanism and large
oligomeric assemblies in which many Gli3s co-operate to recruit multiple
SPOP dimers. The presence of multiple dispersed SBC motifs suggests their
contribution to spatial and temporal control of Gli3 levels in response to Hh
signaling.
1204-Pos Board B96
Characterization of the Regulation Mechanism of Protein Kinase CK2 by
IP6 and Nopp140, an Intrinsically Disordered Protein
Won-Kyu Lee1, Sang Hyeon Son1, Jung-Hyun Na1, Soo-Youl Kim2,
Hyung Ho Lee1, Yeon Gyu Yu1.
1Kookmin University, Seoul, Korea, Republic of, 2Cancer Cell & Molecular
Biology Branch, Division of Cancer Biology, Research Institute, National
Cancer Center, Goyang, Korea, Republic of.
Protein kianse CK2 is a ubiquitous kinase that can phosphorylate more than
hundreds of cellular proteins, and has important roles in cell growth and devel-
opment. The interaction of the catalytic subunit of CK2 (CK2alpha) with ino-
sitol hexakisphosphate (IP6) and an intrinsically disordered protein, Nopp140,
has been analyzed to elucidate the IP6 and Nopp140-dependent regulation
mechanism of CK2. X-ray crystallography analysis of the complex of CK2al-
pha and IP6 showed that lysine rich domain of CK2alpha which locates near the
active site was important for the binding to IP6. One of the interaction site of
Nopp140 to CK2alpha was identified at the amino acid residues 560~580 by
measuring the interactions between the peptides representing different regions
of Nopp140. Particularly, the phosphorylation at Ser568 of Nopp140 signifi-
cantly enhanced its interaction with CK2alpha. These results suggested a regu-
latory model of Nopp140 and IP6 on CK2alpha in which CK2alpha activity is
inhibited by Nopp140 and re-activated by IP6 by competitive binding at the
substrate recognition site of CK2alpha.
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Human Nopp140 is a highly phosphorylated nucleolus protein and involved in
the biogenesis of the nucleolus. It interacts with a variety of proteins related to
the synthesis and assembly of the ribosome including a ubiquitous protein ki-
nase CK2 which mediates cell growth and prevents apoptosis. We showed that
hNopp140 is a highly intrinsically disordered protein (IDP) lacking stable sec-
ondary structures over its entire sequence of 710 residues. In this work, we em-
ployed various biophysical approach, for example, Circular Dichroism (CD),
Electron Paramagnetic Resonance (EPR) and Fo¨rster resonance energy transfer
(FRET), to investigate the intrinsic nature of hNopp140 and its structural
changes by various conditions, interaction with CK2alpha.
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Besides its well-known transcriptional regulatory functions, the tumor suppres-
sor p53 exhibits pro-apoptotic activities in the cytoplasm that are less com-
pletely understood. We are undertaking structural and biophysical
characterization of protein-protein interactions that mediate the cytoplasmic
function of p53 as a direct activator of apoptosis. Our findings to date have elu-
cidated several mechanistic aspects of this apoptotic pathway. Our detailed de-
scriptions of protein-protein interactions within this pathway may enable the
alteration of the cytosolic activity of p53 by mutagenesis and, ultimately, chem-ical intervention. Pharmaceutical approaches aimed at restoring the transcrip-
tional function of p53 are currently being explored. However, these studies
generally do not take account of the cytoplasmic roles of p53. Our studies pro-
vide a basis for understanding how p53-targeted small molecules may, through
their effects on cytoplasmic p53, alter cellular outcomes.
1207-Pos Board B99
Probing the Protein Folding Code through the Polymer Properties of
Low-Complexity Sequences
Bruce E. Bowler, Md Khurshid, Alam Khan, Michaela L. Finnegan.
University of Montana, Missoula, MT, USA.
Converting primary structure into the tertiary structure of a protein remains an
unsolved problem. Many proteins with highly divergent amino acid sequences
have similar structures. Given the redundancy of the folding code, distinguish-
ing signal from noise is an inherent problem. Rather than using the sequences of
structurally characterized proteins to discern the code, we have adopted a strat-
egy of first understanding the behavior of low complexity sequences using
thermodynamic, kinetic and computational methods. We have inserted homo-
polymers of alanine, glycine and glutamine ranging from 6 to 30 residues into
the N-terminus of yeast iso-1-cytochrome c. To maintain solubility, every sixth
residue is lysine. Homopolymers of these amino acids are important because
long repeats of these amino acids are often associated with Human disease.
The homopolymers are inserted between a unique histidine and the heme allow-
ing measurement of the thermodynamics and kinetics of His-heme loop forma-
tion under denaturing conditions ranging from 1.5 to 6 M guanidine
hydrochloride (GdnHCl). Kinetic and thermodynamic loop formation data
show that these homopolymers adhere closely to the expected linear depen-
dence of loop formation probability on the logarithm of loop size predicted
by the Jacobson-Stockmayer equation. Thus, the scaling exponent, n3, and
Flory’s Characteristic ratio, Cn, are readily evaluated. In 6 M GdnHCl, all three
hompolymers have similar n3, but at lower GdnHCl concentrations, n3
decreases for the Glycine-rich sequences relative to the Alanine-rich and
Glutamine-rich sequences. Evaluation of Cn shows that chain stiffness follows
the order: Glutamine-rich > Alanine-rich> Glycine-rich. We have also shown
that insertion of aromatic amino acids into the Alanine-rich sequences signifi-
cantly stabilizes His-heme loops, providing direct evidence that aromatic resi-
dues are structure-forming amino acids critical for biasing the conformational
landscape of a polypeptide.
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Interactions involving intrinsically disordered proteins (IDPs) are crucial to
a wide range of biological signaling and regulatory processes. Many of these
interactions are characterized by a disorder-to-order transition upon binding.
However, a new class of ‘‘fuzzy complexes’’ have emerged in which the IDP
remains largely disordered. Such complexes are characterized by an IDP con-
taining multiple weak binding motifs which individually interact with a binding
partner in a dynamic equilibrium. The interaction of phophorylated Ash1,
which participates in the regulation of mating type switching in yeast, with
its ubiquitin ligase - SCFCdc4 – is an example of a ‘‘fuzzy complex’’. This
work aims to define the interaction between the region of Ash1 spanning resi-
dues 420-500 which contains 10 suboptimal binding motifs for Cdc4, so-called
Cdc4 phospho degrons (CPDs) with Cdc4. Ash1 is thought to behave similarly
to the cyclin dependent kinase inhibitor Sic1, which requires a threshold level
of phosphorylation to overcome electrostatic repulsion towards Cdc4. The pol-
yelectrostatic interaction model implies that electrostatic averaging between
rapidly exchanging bound states allows Cdc4 to sense the net charge of its dis-
ordered binding partner, which is modulated by phosphorylation.
In order to probe the interaction and test the polyelectrostatic model, we use
NMR spectroscopy, small angle x-ray scattering and fluorescence anisotropy
binding experiments. All CPDs contained in Ash1 420-500 engage Cdc4,
one at a time. SAXS indicates that the peptide is relatively compact.
Fluorescence anisotropy measurements show the affinities of the entire Ash1
420-500 peptide and individual CPD motifs for Cdc4. These preliminary
data are suggestive of a “fuzzy complex” and we are in the process of studying
the phosphorylation dependence. The dynamic interaction suggests that Ash1
degradation must occur in an all-or-nothing fashion for biological function.
